Abstract Background: Fractures of the capitellum are rare injuries, and few studies have reported the results of fragment excision. Questions/Purposes: The purpose of this study was to determine range of motion and short-term clinical outcomes for patients treated with capitellum excision. Methods: A retrospective review was performed to identify all patients with an isolated capitellum fracture who underwent excision as definitive treatment at our institutions. Mechanism of injury, associated elbow injuries, type of capitellum fracture, complications, and postoperative outcomes including final elbow range of motion (ROM), elbow instability, and Disabilities of the Arm, Shoulder and Hand (DASH) score were recorded. Results: Four patients met the inclusion and exclusion criteria of this study. All patients were female with an average age of 69 years (range 42-85). Based on the Bryan and Morrey classification system, three (75%) fractures were classified as type I and one (25%) fracture as type III. The average clinical follow-up was 11 months. Final examination demonstrated a mean elbow range of motion from 14°( range 0-30) of extension to 143°(range 130-160) of flexion. All patients had full forearm rotation, and there was no clinical evidence of elbow instability. The average DASH score was 18.3 (12.5-24.2) at final followup. Conclusion: Excision of the capitellum, much like excision of the radial head, results in acceptable shortterm outcome scores and elbow range of motion in patients with fractures that are not amenable to open reduction and internal fixation.
Introduction
Coronal shear fractures of the distal humeral articular surface are uncommon, accounting for only 1% of all elbow fractures and 6% of distal humerus fractures [4, 17] . Variations in the size and complexity of the capitellum fracture fragment have been described with two commonly observed patterns being the HahnSteinthal fracture, which represents a complete fracture of the capitellum [1, 12, 34, 35] , and the Kocher-Lorenz fracture, involving the articular cartilage and a thin layer of underlying subchondral bone [1, 8, 10, 11, 14, 34] . More recently, with the utilization of three-dimensional imaging, more complicated patterns are being identified [24] . These injuries typically occur as a result of a direct blow to the lateral aspect of the elbow or secondary to axial loading with the elbow in full extension [26] . Greater than 80% occurs in women, which has been attributed to increased cubitus valgus, recurvatum, and osteoporosis [6, 9, 11, 16, 21, 25, 32] .
Due to the rarity of this fracture pattern and the variability in fragment size and shape, treatment recommendations vary widely. Closed treatment with immobilization has been advocated by some if anatomic alignment can be maintained [5, 10, 11, 22] , but prolonged immobilization of the elbow is a well-known cause of stiffness. For these reasons, internal fixation with early mobilization is more commonly performed [3, 5, 9-11, 17, 18, 21, 23, 28, 29, 33] . For cases with irreparable, capitellum fractures, hemiarthroplasty, and excision are two other surgical techniques that have also been described [1, 7, 10, 11, 28, 30, 31] . However, no reports of clinical outcomes after hemiarthroplasty have been published and capitellum excision has historically been avoided based on reports of poor clinical outcomes [1, 7, 8, 10, 11, 15] .
Some authors have found that capitellum excision results not only in limited range of motion but also in postoperative instability to varus and valgus stress [7, 11] . Not all authors, however, have experienced such disappointing results, and Alvarez et al. advocated the use of surgical excision after reporting excellent results in a small series [1] . In their cohort, only 10% of patients were found to have poor elbow range of motion postoperatively, 60% had no pain, and none were unstable to varus or valgus stress. More recently, a 12-yearold patient with a capitellum shear fracture treated with delayed excision resulted in a complete functional recovery [8] .
Over the past decade at our large orthopedic hospital and associated level 1 trauma center, our experience with excision of the capitellum for coronal shear fractures has been limited, but favorable. It was therefore the goal of the present study to describe our experience with this procedure and to determine if fragment excision after coronal shear fracture of the capitellum led to range of motion deficits or elbow instability. A secondary aim was to quantify the mean Disabilities of the Arm, Shoulder and Hand (DASH) score for these patients postoperatively.
Patients and Methods
During a 10-year period (2003-2013) at our institution, all patients that underwent surgical excision of an isolated capitellum fracture by one of the three senior authors were identified and included for study (Fig. 1) . After obtaining institutional review board's approval, a retrospective review of each patient's radiographs and clinical course was conducted. Associated elbow injuries as well as postoperative outcomes such as final elbow range of motion (ROM) and DASH score were reviewed and recorded from the final postoperative visit. Other collected data included the type of capitellum fragment as determined by the Bryan and Morrey classification system with McKee modification (Table 1) [4, 16] . All postoperative complications including need for additional surgical procedures were also recorded.
Four patients met the inclusion and exclusion criteria of this study. All injuries were closed and sustained during a fall from standing height. A lateral surgical approach was utilized, and all dissections were performed anterior to the lateral ulnar collateral ligament. After fragment excision, all elbows were examined for varus and valgus instability in the operating room and no ligamentous procedures were performed for any of the four patients. The treating surgeon dictated each patient's subsequent postoperative course. Immediate unlimited ROM was instituted for two patients. Of these patients, one had no restrictions while the second was not permitted to begin strengthening until 6 weeks follow ing surgery. The other two patients were immobilized postoperatively in a posterior splint to allow for wound healing. The splint was removed on postoperative day 3 for one patient who was then permitted to use the extremity without restrictions. The other patient had her splint removed on postoperative day 15 at which point passive ROM was started; active ROM began at 4 weeks followed by strengthening at 8 weeks and unlimited use at 4 months.
Results
All four patients were female with an average age of 69 years (range 42-84). Based on the Bryan and Morrey classification system, three (75%) fractures were classified as type I and one (25%) fracture as type III. Two (50%) patients had no associated elbow injuries, whereas one patient had a stable, impacted lateral trochlear fragment that was not in continuity with the capitellum fracture and that did not require operative intervention. The final patient reported dislocating her elbow at the time of initial injury but showed no signs of instability at the time of surgery. General patient and injury characteristics can be found in Table 2 . In each case, excision was performed for different reasons: (1) comminution, (2) non-union after an open reduction internal fixation (ORIF) attempt, (3) patient preference due to a mechanical block to flexion, and (4) an avascular appearing fragment at the time of surgery. The average clinical follow-up was 11 months (range 2.3-20.4). There were no surgical wound complications, and no patients required a secondary surgery for any reason.
At their final office examination, the patients demonstrated mean elbow range of motion from 14°(range 0-30) of extension to 143°(range 130-160) of flexion (Table 3 ). All patients had full forearm pronation and supination, and no patients were determined to have postoperative instability. DASH scores were available for two of the four patients, and the mean values were 12.5 and 24.2 (mean=18.3). Results of our study compared to those of previous authors can be seen in Table 4 .
Discussion
In the present series, we have retrospectively reviewed four patients who have been treated with fragment excision for vertical shear fractures of the capitellum in order to determine if they experience functional limitations secondary to elbow range of motion or elbow instability postoperatively. We further intended to quantify clinical outcomes using DASH scores for those with available scoring. Although our numbers are small, all patients achieved functional elbow flexion range of motion and acceptable DASH scores. No patient demonstrated evidence of clinical instability, and no postoperative complications were observed.
We recognize that our study has several limitations. The retrospective nature of our data prevents us from having control over the information collected for each patient. Ideally, all four patients would have had DASH scores, but this was not a routine part of follow-up care for all treating surgeons. Also, despite practicing in a high volume center, we were only able to identify four patients treated for an isolated capitellum fracture with surgical excision. This is likely due to both the rarity of this injury pattern, and the increasing body of literature supporting ORIF as the treatment of choice [3, 5, 9-11, 17, 18, 21, 23, 28, 29, 33] . Follow-up was limited with one patient returning for her last appointment only 2.3 months following surgical excision. This patient also had the worst ROM of the cohort (Table 3) , and it is possible that her results may have improved had she has been examined at a later date. Lastly, three of our four patients were treated with excision due to factors that would have precluded primary ORIF (comminution, avascularity, and failed ORIF) and the fourth patient was treated 47 days post-injury after failed nonoperative management. These varying indications prevent us from reliably comparing the results of our excision cohort against those treated with ORIF or closed reduction and immobilization.
Despite the limitations of this study, we are encouraged by the results, especially with regard to postoperative range of motion (Table 3) They found that three of the eight excision patients had poor results which they defined as limitations of mobility exceeding 30°of extension or 120°of flexion. Further, no excision patient was found to have normal range of motion. Based on these results, they determined that ORIF was superior and excision should be avoided if possible.
It is important to note that no patient in our study demonstrated postoperative elbow instability, and we feel strongly that this is likely secondary to the use of a surgical approach that avoids dissection of the lateral ulnar collateral ligament (LUCL). Although previous authors have cited postoperative instability as a reason to avoid fragment excision [11] , the biomechanical consequence of capitellum excision has been tested by Dushuttle et al. who showed that isolated excision of the capitellum in cadaveric specimens did not result in valgus instability of the elbow provided there was no evidence of medial ligamentous injury [10] . Alvarez et al. reported no evidence of instability after capitellum excision in ten patients, and [1] more recently, Root et al. showed a negligible degree of valgus or varus instability after fragment excision in a ligamentously intact elbow [27] . Their conclusion was that isolated capitellar fractures could be excised in cases with an irreparable fracture as the vast majority of daily activities placed a varus and, not valgus, stress on the elbow. Interestingly, these findings are comparable to those seen in biomechanical studies of radial head excision showing that valgus laxity is not a concern provided the medial collateral ligament remains intact [2, 13, 19, 20] . Extending the similarity of these biomechanical findings to clinical outcomes, it would therefore be unsurprising to see acceptable clinical outcomes in selected patients after excision of an isolated capitellar fracture as seen in patients after isolated radial head excision.
With regard to postoperative clinical outcomes, we believe that we were able to show acceptable DASH scores in our small series of patients (12.5 and 24.2). To our knowledge, there are no published studies with validated clinical outcome scores after isolated excision of the capitellum, which prevents us from making direct comparisons. With regard to studies assessing both closed reduction and ORIF, DASH scores in our patients are inferior, but comparable. Puloski et al. recently published a series of seven patients treated with closed reduction under general anesthesia [22] . In this study, patients were permitted gentle active range of motion after 2 weeks of immobilization and DASH scores ranged from 6 to 13 after a mean follow-up of 18 months (range 12-46). Ruchelsman et al. described similar results after ORIF in 16 patients [29] . Comparison between these two studies is limited by the heterogeneity of the injury patterns; however, the results after ORIF showed no postoperative instability, a mean arc of total elbow motion of 123°, no pronation or supination deficits, and a mean Mayo Elbow Performance Index score of 92.
In summary, despite the aforementioned limitations, we believe that fragment excision through a surgical approach that does not violate the LUCL provides acceptable clinical outcomes in patients with isolated capitellum shear fractures that are not amenable to primary ORIF or closed reduction and immobilization. While the cohort size of our study limits the generalizability of our findings, we believe that this procedure should be an option in a surgeon's armamentarium when treating irreparable coronal shear fractures of the distal humerus. Informed Consent: Informed consent was waived from all patients for being included in the study.
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